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(54) DEVICES FOR INSPECTING BEARINGS OF MAIN MOTORS OF ROLUNG STOCK 

(57) When a bearing inspection device is composed 

of a vibration detector 1 , a vibration analysis unit 3, and fiq.i 
a determination unit 5, a vibration of a bearing B is 
detected by the vibration detector 1 and an effective 
value, a maximum value, a crest factor, an outer ring 
occupancy degree, an inner ring occupancy degree, a 
rolling element occupancy degree, a rotational occu- 
pancy degree and other values are measured at the 
vibration analysis unit 3. The determination unit 5 deter- 
mines whether the bearing B is defective or not by 
checking if these values measured exceed reference 
values. When a bearing inspection device is con- 
structed with a quantitative analysis unit 30 and a deter- 
mination unit 32, a content of metal in grease sampled 
from the bearing B is measured at the quantitative anal- 
ysis unit 30. The determination unit 32 decides whether 
the bearing B is defective or not by checking if the valu 
thus measured is greater than a reference value. 
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Descripti n 

TECHNICAL FIELD 

[0001] This invention relates to a bearing inspection 
device used to inspect a railroad main motor, and more 
specifically to a bearing inspection device which can 
detect a defect of a bearing without disassembling the 
above-mentioned main motor. 

BACKGROUND ART 

[0002] Conventionally, a railroad main motor is 
removed from a vehicle after having been used for a 
certain period of time, and inspection is carried out to 
check if a bearing or other part of the motor has any 
defect such as damage and abrasion. This inspection is 
generally conducted after the main motor is disassem- 
bled. The damage and abrasion of the bearing are visu- 
ally found by an inspector in charge. The typical defects 
found through the inspection include bruise caused by 
collision with other objects, a press mark left after 
engagement with other objects, electrocorrosion 
caused due to discharge, and other abrasion. If any 
concave or convex surface which is not formed on a new 
bearing part, a hazy surface of a bearing part due to 
electrocorrosion, or abrasion exceeding the allowable 
limit is found, the main motor is re-assembled with a 
replaced new bearing and is again mounted on the rail- 
way vehicle. 

[0003] The above-mentioned inspection method, how- 
ever, has a drawback as requiring a lot of time and labor 
both for disassembling the main motor and for re- 
assembling the same. Moreover, it is possible that the 
inspection itself is a cause for a defect of a bearing. On 
re-assembling, for example, bruise which is not found 
before the inspection may be given to a bearing part. 
Furthermore, since the inspection is visually performed, 
the possibility of oversight of a defect cannot be per- 
fectly eliminated. On the contrary, if a bearing looks 
defective in appearance but substantially has no prob- 
lem, such a bearing part will be replaced. Accordingly, 
the cost for unnecessary replacement is needed. 
[0004] Therefore, it is an object of the present inven- 
tion to present a bearing inspection device which can 
detect a defect of a bearing of a railroad main motor 
without disassembling the main motor so as to reduce 
the labor and time required for disassembling and 
assembling the main motor and to prevent damages 
given to the bearing part on disassembly and assembly. 
Additionally, it is another object of the present invention 
to provide a bearing inspection device enabled to find a 
defect which may be missed through visual inspection. 
Furthermore, it is another object of the invention to 
present a bearing inspection device which can detect a 
defective bearing substantially requiring replacement 
despite its appearance. 



DISCLOSURE OF THE INVENTION 

[0005] The first invention relates to a bearing inspec- 
tion device used to inspect a bearing of a railroad main 

s motor. The bearing inspection device is characterized 
by comprising a vibration detector enabled to output an 
electric signal indicating a vibration of said bearing, a 
vibration analysis unit for converting the electrical signal 
output from said vibration detector into time-domain 

10 data to extract an effective value of said vibration, and a 
determination unit for comparing said effective value 
extracted by said vibration analysis unit when said main 
motor is rotationally driven at a predetermined specific 
revolution with a predetermined reference value to 

is decide whether said bearing is defective or not from the 
result of comparison. 

[0006] There is no limitation on the vibration detector 
if it can convert a vibration into an electric signal such as 
a vibration acceleration sensor and a vibration sensor of 

20 a velocity detection type or a displacement detection 
type. The vibration analysis unit is a known device 
which applies signal processing such as amplification 
processing and filter processing on the electric signal 
input from the vibration detector to extract the signal ele- 

25 ment showing the vibration of the bearing and analyzes 
the waveform or the frequency of the vibration. The 
determination unit performs various data processing 
based on the analysis data obtained from the vibration 
analysis unit. The determination unit can be constructed 

30 with a known computer system, for example. 

[0007] In the bearing inspection device thus struc- 
tured, a vibration converted into an electric signal by the 
vibration detector is input into the vibration analysis unit, 
where waveform processing for removing a noise ele- 

35 ment caused by a vibration or other of some part other 
than the bearing is executed by means of known signal 
processing technique in order to extract the effective 
value of the vibration of the bearing. The effective value 
extracted here is one of the data which represent the 

40 vibrational level of the bearing Itself. The greater the 
vibration of the bearing is, the larger the effective value 
becomes. Accordingly, if the effective value of the vibra- 
tion is larger than a certain reference value, it is consid- 
ered that a vibration exceeding the allowable limit is 

45 being generated. The determination unit thus compares 
the effective value of the vibration actually measured 
with the reference value, and decides whether said 
bearing is defective or not based on the result of the 
comparison. The effective value of the vibration around 

so the allowable limit is selected as the reference value, 
based on which it is determined whether a generated 
vibration exceeds the allowable limit. Such a reference 
value may be a value statistically calculated from a 
number of samples, or a theoretical value obtained 

55 through analysis using a model. 

[0008] According to this bearing inspection device, 
whether the bearing is defective or not can be deter- 
mined by checking if a generated vibration exceeds the 
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allowable limit. Therefore, a defect of the bearing of the 
railroad main motor can be detected without disassem- 
bling the main motor. As a result, the labor and time 
required for disassembling and assembling the main 
motor can be reduced, and also damages given to the 5 
bearing part on disassembly and assembly can be pre- 
vented. Moreover, different from visual inspection, the 
problem that a vibration is substantially generated can 
be perfectly detected. 

[0009] The second invention relates to a bearing 10 
inspection device used to inspect a bearing of railroad 
main motor. The bearing inspection device is character- 
ized by comprising a vibration detector enabled to out- 
put an electric signal indicating a vibration of said 
bearing, a vibration analysis unit for converting the elec- is 
trie signal output from said vibration detector into time- 
domain data to extract a maximum value of said vibra- 
tion, and a determination unit for comparing said maxi- 
mum value extracted by said vibration analysis unit 
when said main motor is rotationally driven at a prede- 20 
termined specific revolution with a predetermined refer- 
ence value to decide whether said bearing is defective 
or not from the result of comparison. 
[0010] This bearing inspection device has the same 
structure as that of the first invention except that the 25 
former utilizes the maximum value of the vibration of the 
bearing as criteria for determination. The maximum 
value of the vibration is also one of the data which rep- 
resent the vibrational level of the bearing itseff. The 
greater the vibration is, the larger the maximum 30 
becomes. Therefore, if the maximum value of the vibra- 
tion is larger than a certain reference value, it is consid- 
ered that a vibration exceeding the allowable limit is 
being generated. 

[0011] According to this bearing inspection device, 35 
whether the bearing is defective or not is determined by 
chocking if a vibration of the bearing is greater than the 
allowable limit. Accordingly, in the same manner as the 
first invention, a defect of a bearing of a railroad main 
motor can be detected without disassembling the main 40 
motor. 

[001 2] The third invention relates to a bearing inspec- 
tion device used to inspect a bearing of a railroad main 
motor. This bearing inspection device is characterized 
by comprising a vibration detector enabled to output an 45 
electric signal indicating a vibration of said bearing, a 
vibration analysis unit for converting the electric signal 
output from said vibration detector into time-domain 
data to extract a crest factor which is obtained by divid- 
ing a maximum value of said vibration by an effective so 
value of said vibration, and a determination unit for com- 
paring said crest factor extracted by said vibration anal- 
ysis unit when said main motor is rotationally driven at a 
predetermined specific revolution with a predetermined 
reference value to decide whether said bearing is defec- ss 
tive or not from the result of comparison. 
[001 3] This bearing inspection device is constructed in 
the same manner as those of the first and the second 



inventions except that the former utilizes the crest factor 
as criteria for determination. The crest factor represents 
the impact level of the vibrational waveform of the bear- 
ing itself. When the crest factor is greater than a certain 
reference value, it is considered that there is som 
defect in a bearing. 

[0014] According to this bearing inspection device, 
whether a bearing is defective or not is determined by 
checking if a vibration generated from the bearing 
exceeds the allowable limit Therefore, in the same way 
as those of the first and the second invention, a defect 
of a bearing of a railroad main motor can be found with- 
out disassembling the main motor. 
[0015] The fourth invention relates to a bearing 
inspection device used to inspect a bearing of a railroad 
main motor. This bearing inspection device is character- 
ized by comprising a vibration detector enabled to out- 
put an electric signal indicating a vibration of said 
bearing, a vibration analysis unit for converting the elec- 
tric signal output from said vibration detector into fre- 
quency-domain data by applying waveform processing 
which eliminates a noise element caused by a vibration 
or other of some part other than the bearing and other 
waveform processing such as absolute value process- 
ing and envelope processing to the electric signal so as 
to extract an occupancy degree which is obtained by 
dividing a predetermined specific frequency element 
level by the sum total of all frequency element levels, 
and a determination unit for comparing said occupancy 
degree extracted by said vibration analysis unit when 
said main motor is rotationally driven at a predeter- 
mined specific revolution with a predetermined refer- 
ence value to decide whether said bearing is defective 
or not from the result of comparison. 
[001 6] This bearing inspection device is constructed in 
the same manner as those of the first through third 
inventions except that the former utilizes an occupancy 
degree as criteria for judgment, and that a frequency 
analysis is carried out by the vibration analysis unit in 
order to calculate the occupancy degree. 
[0017] The occupancy degree shows the proportion 
occupied by a certain specif ic frequency element in the 
overall vibration of a bearing. If a vibration is being gen- 
erated at a specific cycle due to a defect of a part 
included in a bearing, the occupancy degree corre- 
sponding to the specific cycle becomes large. Accord- 
ingly, when the occupancy degree exceeds a certain 
reference value, it is considered that the vibration is 
being caused by some defect in a specific part of a 
bearing. 

[0018] In the fourth invention, said specific frequency 
element includes: (1) a frequency element intensively 
appearing in an electric signal which is measured when 
said main motor is rotationally driven at said specific 
revolution and to which envelope processing is applied 
under the condition wher a defect exists in the outer 
ring of said bearing; (2) a frequency element intensively 
appearing in an electric signal which is measured when 
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said main motor is rotationally driven at said specific 
revolution and to which envelope processing is applied 
under the condition where a defect exists in the inner 
ring of said bearing; (3) a frequency element intensively 
appearing in an electric signal which is measured when 
said main motor is rotationally driven at said specific 
revolution and to which envelope processing is applied 
under the condition where a defect exists in the rolling 
element of said bearing; (4) an frequency element cor- 
responding to the rotational frequency of said main 
motor; and other elements. Hereinafter, the values 
obtained by dividing each sum of the frequency element 
levels (1) through (4) and their higher element levels by 
the total of all frequency element levels are referred to 
as 'outer ring occupancy degree', 'inner ring occupancy 
degree', 'rolling element occupancy degree', and 'rota- 
tional occupancy degree', respectively. 
[0019] The outer ring occupancy degree becomes 
greater principally when there is a defect in the outer 
ring of the bearing. For example, this degree tends to be 
large if some defect due to electrocorrosion or other 
defect exists in the outer ring. The inner ring occupancy 
degree becomes greater mainly when the inner ring of 
the bearing has some defect. For example, this degree 
tends to be large if the inner ring has a bruise or other 
defect caused locally. The rolling element occupancy 
degree becomes higher generally when there is a defect 
in the rolling element of the bearing. This degree tends 
to be greater if the rolling element has a bruise or other 
defect caused locally. The rotational occupancy degree 
becomes larger when the raceway face of the bearing is 
worn out. 

[0020] In any case, when these values exceeds the 
reference value, it is considered that a specific part of 
the bearing has some defect. Thus, according to this 
bearing inspection device, a defect of a bearing of a rail- 
road main motor can be detected without disassembling 
the main motor since whether the bearing is defective or 
not is determined by checking if a vibration caused by a 
defect of a part included in the bearing is being gener- 
ated. 

[0021 ] The above-described first through fourth inven- 
tion all relate to such a device as constructed for decid- 
ing whether a bearing is defective or not from a 
viewpoint of a vibration of a bearing. The devices of 
both the fifth and the sixth invention are, however, so 
designed as to make such determination in view of an 
element included in grease on a bearing. 
[0022] More specifically, the fifth invention relates to a 
bearing inspection device used to inspect a bearing of a 
railroad main motor. This bearing inspection device is 
characterized by comprising a quantitative analysis unit 
enabled to measure a content of metal in grease sam- 
pled from said bearing, and a determination unit for 
comparing said content of metal measured by said 
quantitative analysis unit with a predetermined refer- 
ence value to decide whether said bearing is defective 
or not from the result of comparison. 



[0023] There is no limitation on the quantitative analy- 
sis unit if it can at least measure a content of metal 
included in grease. However, it is more preferable that 
this unit has as higher an analysis accuracy and a 

5 processing speed as possible. Considering this aspect, 
a preferable equipment may be, for example, a fluores- 
cence X-ray analysis equipment. The determination unit 
performs various data processing based on the analysis 
data obtained from the quantitative analysis unit. This 

10 unit can be constructed with a known computer system, 
for example. 

[0024] In the bearing inspection device thus con- 
structed, the content of the metal in the grease sampled 
from the bearing is measured by the quantitative analy- 

15 sis unit. The metal element included in the grease 
increases as abrasion and electrocorrosion becomes 
greater in the bearing. Therefore, if the content of the 
metal in the grease exceeds a certain reference value, it 
is considered that abnormal abrasion or intensive elec- 

20 trocorrosion exists. The determination unit thus com- 
pares the content of the metal actually measured with 
the reference value, and determines whether said bear- 
ing is defective or not based on the result of the compar- 
ison. The content of metal in grease at the time of 

25 abrasion or electrocorrosion around the allowable limit 
is selected as a reference value, based on which it can 
be judged whether abrasion or electrocorrosion caused 
exceeds the allowable limit. The reference value maybe 
a value statistically obtained from a number of samples, 

30 or may be a theoretical value obtained through analysis 
using a model. 

[0025] According to this bearing inspection device, 
since whether a bearing is defective or not is deter- 
mined by checking if the content of metal included in 

35 grease exceeds an allowable limit, a defect of a bearing 
of a railroad main motor can be detected without disas- 
sembling the main motor. Accordingly, the time and 
labor required for disassembling and assembling the 
main motor can be reduced, and damages given to a 

40 bearing part on disassembly and assembly can be pre- 
vented. Moreover, different from visual inspection, the 
problem that excessive abrasion substantially exists can 
be securely found. 

[0026] The sixth invention relates to a bearing inspec- 
45 tion device used to inspect a bearing of a railroad main 
motor. This bearing inspection device is characterized 
by comprising a quantitative analysis unit enabled to 
measure a content of metal in grease sampled from 
said bearing, a data memory allowed to store the con- 
50 tent of the metal previously measured by said quantita- 
tive analysis unit, and a determination unit for 
comparing the sum of the content of the metal stored in 
said data memory means and a content of metal newly 
measured by said quantitative analysis unit with a pre- 
55 determined reference value to decide whether said 
bearing is defective or not from the result of compari- 
son. 

[0027] This bearing inspection device is different from 
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that of the above-described fifth invention in that the 
sum of the content of the metal previously measured 
and that newly measured is compared with the refer- 
ence value. When there is rapid abrasion or intensiv 
electrocorrosion at the time of inspection, the content of 5 
the metal newly measured may exceed the reference 
value immediately However, when abrasion gradually 
increases during replacement of grease several times, 
there is a possibility that the content remains within the 
reference value. On the contrary, the sum of the content w 
of the metal previously measured and that newly meas- 
ured reflects the abrasion caused immediately after the 
beginning of use of the bearing till the time of measure- 
ment. Therefore, if the sum is greater than a certain ref- 
erence value, it is supposed that the abrasion of the 1S 
bearing having increased gradually has exceeded the 
allowable limit. The determination unit thus compares 
the above-mentioned sum with the reference value, and 
determines whether said bearing is defective or not 
based on the result of the comparison. The cumulative 2 o 
value of the content of the metal included in the grease 
on the bearing which is worn out till the limit of use is 
selected as the reference value, based on which it can 
be determined whether the bearing has reached the 
limit of use or not. The reference value may be a value 2 s 
statistically obtained from a number of samples, or a 
theoretical value obtained through analysis using a 
sample. 

[0028] According to this bearing inspection device, 
since whether the bearing is defective or not is decided 30 
by checking if the above-mentioned sum exceeds the 
allowable limit, the limit of use of a bearing of a railroad 
main motor can be detected without disassembling the 
main motor. 

[0029] In the inspection device of the sixth invention, 35 
it is preferable that the device includes an updating 
means which updates the content of metal stored in 
said data memory means with said sum if it is deter- 
mined that the bearing is not defective by said determi- 
nation unit, as data are automatically accumulated in 40 
the data memory means every time inspection is con- 
ducted by the bearing inspection device. 
[0030] The bearing inspection devices of the above- 
described first through sixth inventions may have their 
own structure independently, or may include structures 45 
of two or more inventions. 

[0031] When two or more inspections selected from 
the first through sixth inspections corresponding to the 
first through sixth invention are carried out, the compre- 
hensive determination as 'defective* may be made from 
only a single inspection which shows a decision as 
'defective', or from two or more inspections which all 
have results as 'defective*. 

[0032] When two or more inspections are conducted, 
it is preferable that at least one inspection is selected 
from the first through the fourth inspections, and at least 
one from the fifth and the sixth inspections. Among the 
first through the fourth inspections, the first inspection is 



desirable from the viewpoint of the high detection rate of 
electrocorrosion. Also, the fourth inspection is prefera- 
ble from the viewpoint of the excellent detection rate of 
damages caused locally such as bruise. Especially, if 
the above-mentioned inner ring occupancy degre and 
the rolling element degree are selected as parameters 
in the fourth inspection, the reference value can be eas- 
ily set and more precise determination can be attained 
since the inspection results agree with the actual 
defects highly closely. The combination of the inspec- 
tions may be selected in accordance with the objective 
of inspection or other conditions. Also, the comprehen- 
sive determination may be made from the results of plu- 
ral inspections to which each weight is given. The 
direction corresponding to the determination as 'defec- 
tive' may be not only that immediate replacement is 
required, but also that additional visual inspection is 
required. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0033] 

Figure 1 is a schematic view showing a preferable 
bearing inspection device for a railroad main motor 
according to this invention which can detect a 
defect of the bearing by examining a vibration of the 
bearing. Figure 2 is a schematic view showing a 
preferable bearing inspection device for a railroad 
main motor according to this invention which can 
detect a defect of the bearing by examining an ele- 
ment included in grease on the bearing. 

BEST MODE OF PRACTICING THE INVENTION 

[0034] An example of a bearing inspection device for 
railroad main motor according to the present invention is 
now described with reference to the accompanied draw- 
ings so as to explain the present invention in more 
detail. 

[0035] Figure 1 is a schematic view showing a bearing 
inspection device enabled to detect a defect of a bear- 
ing by examining a vibration of the bearing. 
[0036] The bearing inspection device is composed of 
a vibration detector 1, a vibration analysis unit 3, and a 
determination unit 5. 

[0037] The vibration detector 1 is fixed to a bearing B 
provided in a railroad main motor. When a vibration of 
the bearing B is generated duo to the rotational drive of 
the main motor, the detector 1 outputs an electric signal 
indicating this vibration. In this example, a piezoelectric 
vibration acceleration sensor which can measure a 
vibration acceleration has been selected as the vibra- 
tion detector 1. The vibration detector 1 may be, how- 
ever, a vibration acceleration sensor of a type other than 
the piezoelectric one, a vibration sensor of a velocity 
detection type or a displacement detection type. The 
electric signal output from the vibration detector 1 is 
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input into the vibration analysis unit 3. 
[0038] The vibration analysis unit 3 is a signal 
processing device which can analyze the waveform and 
the frequency spectrum of the vibration detected by the 
vibration detector 1. The vibration analysis unit 3 is 
composed of an amplifier 10 for amplifying the signal 
input from the vibration detector 1 . a filter 1 2 for extract- 
ing the vibration of the bearing B by removing a noise 
element of the signal input from the amplifier 1 0, a vibra- 
tional waveform analyzer 14 for applying absolute value 
processing or envelope processing to the signal input 
from the filter 12 to extract the vibrational waveform 
emphasizing the vibration due to the defect of the bear- 
ing, a frequency analyzer 16 for converting the time- 
domain data obtained from the vibration waveform ana- 
lyzer 14 to extract the frequency spectrum as the fre- 
quency-domain data, an extracted data memory 18 for 
storing each of the data extracted by the vibration wave- 
form analyzer 14 or the frequency analyzer 16, and 
other parts. Each of the data stored in the extracted 
data memory 18 is supplied to the determination unit 5 
as necessary. 

[0039] The determination unit 5 can be constructed 
with a known computer system, for example. The deter- 
mination unit 5 includes a data processor 20 for com- 
paring the data stored in the extracted data memory 18 
of the above-mentioned vibration analysis unit 3 with 
data as threshold values to determine whether the bear- 
ing B is defective or not based on the result of the com- 
parison, a display 22 for displaying the determination 
result obtained from the data processor 20, and a 
threshold value memory 24 for storing data used as 
threshold values at the determination process per- 
formed at the above-mentioned data processor. 
[0040] The determination unit 5 may have an addi- 
tional function as a controller for controlling the function 
of the vibration analysis unit 3. Also, such a controller for 
controlling the vibration analysis unit 3 may be included 
within the vibration analysis unit 3 itself, from which only 
the necessary data are supplied to the determination 
unit 5. 

[0041] Next, the operation of the bearing inspection 
device is now described. 

[0042] First, the vibration detector 1 is attached to the 
bearing B, and the main motor is rotationally driven at a 
fixed revolution. In this example, the revolution of the 
main motor has been set at 1 ,400 rpm. The revolution of 
the main motor is preferably so set that the peaks of the 
frequency spectrum appearing in response to various 
defects described later overlap with each other as little 
as possible. The actual number of revolutions is 
changeable depending on a variety of factors such as 
the structure of the main motor. 
[0043] Under this condition, the electric signal output 
from the vibration detector 1 is input into the vibration 
analysis unit 3. The vibration analysis unit 3 executes 
known signal processing at the amplifier 1 0, the filter 1 2 ( 
the vibrational waveform analyzer 14, and the frequency 



analyzer 16, and then converts the input electric signal 
into the vibrational waveform and the frequency spec- 
trum of the bearing B. Next, the effective value, the max- 
imum value (peak value), the crest factor (maximum 
5 value/effective value), and other values of the vibration 
are extracted from the data corresponding to the vibra- 
tional waveform, and those extracted values are then 
stored in the extracted data memory 18. 
[0044] Since the frequency spectrum indicates a 
10 vibrational level of a specific frequency element, the 
vibration analysis unit 3 calculates the occupancy 
degree of the frequency element intensively appearing 
under the condition of the defective outer ring of the 
bearing (outer ring occupancy degree), the occupancy 
is degree of the frequency element intensively appearing 
under the condition of the defective inner ring of the 
bearing (inner ring occupancy degree), the occupancy 
degree of the frequency element intensively appearing 
under the condition of the defective rolling element of 
20 the bearing (rolling element occupancy degree), and the 
occupancy degree of the frequency element corre- 
sponding to the rotational frequency (revolution per sec- 
ond) of the main motor. The values thus obtained are 
stored in the extracted data memory 18. 
25 [0045] In the present device, the frequency fo inten- 
sively appearing under the condition of the defective 
outer ring of the bearing, the frequency fi intensively 
appearing under the condition of the defective inner ring 
of the bearing, and the frequency fb intensively appear- 
30 ing under the condition of the defective rolling element 
of the bearing are calculated according to the following 
equations: 



35 



40 



fo = f 2 r ( 1 "5 COSa ) z 
fi = |(l+gCOSa)z 

•-S-^-ffl*-'-] 



45 [0046] In the above equations, fr is the rotational fre- 
quency (Hz) of the main motor, and is arbitrarily set from 
the viewpoint described above; D is the pitch circle 
diameter (mm) of the hearing, i.e. the diameter of the 
circular track drawn by the rotational center of the rolling 

50 element as a result of the rolling of the rolling element; 
a is the contact angle (degree), i.e. the angle formed 
between the axis as the rotational center of the rolling 
element and the axis as the rotational center of the inner 
ring; and z is the number of the rolling elements. 

55 [0047] Each occupancy degree is obtained by dividing 
the value of the vibrational level at each frequency 
described above (the height of the frequency spectrum 
appearing at the position corresponding to each fre- 
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quency) by the sum total of the vibrational levels of all 
frequencies (the whole area of the frequency spec- 
trums). 

[0048] As aforementioned, the effective value, the 
maximum, the crest factor, the outer ring occupancy s 
degree, the inner ring occupancy degree, the rolling ele- 
ment occupancy degree, and the rotational occupancy 
degree obtained at the vibration analysis unit 3 are read 
out by the determination unit 5. The data processor 20 
of the determination unit 5 compares each measured 10 
value supplied from the vibration analysis unit 3 with the 
reference value stored at the threshold value memory 
24. 

[0049] The reference values are determined based on 
the graphed correlation between the judgment results of is 
visual inspections and the detection values obtained 
through inspections as above. A number of samples are 
inspected visually and in the manner described as 
above so as to obtain the correlation. The reference val- 
ues thus determined are stored in the threshold value 20 
memory 24. 

[0050] If any of the various measurement values sup- 
plied exceeds the reference values, the data processor 
20 of the determination unit 5 determines that there is 
an abnormal condition, and indicates a warning show- 25 
ing the condition on the display 22. Therefore, the 
inspector in charge can determine whether the bearing 
B is defective or not from the result of the determination 
indicated on the display 22 of the determination unit 5. 
and thus can find the defect of the bearing B without 30 
carrying out disassembly inspection of the main motor. 
[0051] Next, another example of a bearing inspection 
device for a railroad main motor according to the 
present invention is now described. 

[0052] Figure 2 is a schematic view showing a prefer- 35 
able bearing inspection device for a railroad main motor 
according to this invention, which is enabled to find a 
defect of a bearing by examining an element included in 
grease on the bearing. 

[0053] This bearing inspection device is composed of 40 
a quantitative analysis unit 30 and a determination unit 
32. 

[0054] The quantitative analysis unit 30 is a device 
which can analyze a content of a specific element 
included in grease sampled from the bearing B. The 45 
quantitative analysis unit 30 includes a fluorescence X- 
ray analyzer 40 for conducting quantitative analysis by 
means of fluorescence X-ray analysis, an extracted 
data memory 42 for storing various data extracted at the 
fluorescence X-ray analyzer 40, and other parts. Each so 
of the data stored in the extracted data memory 42 is 
suppliedto the determination unit 32 as necessary. 
[0055] The determination unit 32 can be constructed 
with a known computer system, for example. The deter- 
mination unit 32 is composed of a data processor 50 for ss 
comparing the data stored in the extracted data memory 
42 of the above-mentioned quantitative analysis unit 30 
with data as threshold values to determine whether the 



bearing B is defective or not from the result of the com- 
parison, a display 52 for displaying the result of the 
determination made at the data processor 50, a thresh- 
old value memory 54 for storing data used as threshold 
values at the determination process of the above-men- 
tioned data processor 50, a data accumulator 56 ena- 
bled to store maintenance data corresponding to a 
plurality of bearings B and to store, as one of the main- 
tenance data, the cumulative value of the content of the 
metal previously measured by the above-mentioned 
quantitative analysis unit 30, and other parts. 
[0056] The determination unit 32 may have an addi- 
tional function as a controller for controlling the function 
of the quantitative analysis unit 30. Such a controller for 
controlling the quantitative analysis unit 30 may b 
included within the quantitative analysis unit 30 itself, 
from which only necessary data are supplied to the 
determination unit 32. 

[0057] Next, the operation of the bearing inspection 
device is explained. 

[0058] First, a small amount of grease (approximately 
0.1g) is sampled from the bearing B, and is placed on 
the quantitative analysis unit 30. The quantitative analy- 
sis unit 30 can be constructed with a variety of devices 
available on the market. The procedures for the analysis 
operation follow those for each device included. 
[0059] The quantitative analysis unit 30 performs a 
known fluorescence X-ray analysis at the fluorescence 
X-ray analyzer 40, extracts the contents of iron, copper 
and other metals included in grease, and stores the 
contents in the extracted data memory 42. It should be 
noted herein that the contents of iron and copper are 
especially extracted because each part of the bearing B 
is formed from steel or copper alloy. If each part of the 
bearing B is manufactured with alloys including a large 
amount of other metal materials (such as aluminum and 
titanium), the contents of such metals may be exam- 
ined. 

[0060] As aforementioned, the contents of iron and 
copper obtained at the quantitative analysis unit 30 are 
read out by the determination unit 32. The data proces- 
sor 50 of the determination unit 32 compares each 
value measured at the quantitative analysis unit 30 with 
the reference values stored in the threshold value mem- 
ory 54. 

[0061 ] The reference values are determined based on 
the graphed correlation between the judgment results of 
visual inspection and the detection values obtained 
through the above-mentioned inspection. In order to 
obtain the correlation, a number of samples are 
inspected visually and by the method as above. The ref- 
erence values thus determined are stored in the thresh- 
old value memory 54. 

[0062] The data processor 50 of the determination 
unit 32 decides that there is an abnormal condition if at 
least the cumulative value of the content of either iron or 
copper supplied exceeds the reference value, and indi- 
cates a warning showing the condition on the display 
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52. Therefore, the inspector in charge can determine 
whether the bearing is defective or not from the determi- 
nation result indicated on the display 52 of the determi- 
nation unit 32, and thus can f ind a defect of the bearing 
without carrying out disassembly inspection for the main 
motor. 

[0063] Furthermore, the data processor 50 of the 
determination unit 32 adds the measured values 
obtained from the quantitative analysis unit 30 to the 
cumulative values accumulated in the data accumulator 
56, and compares the sum of these values with the ref- 
erence values stored in the threshold value memory 54. 
The data accumulator 56 includes maintenance data 
corresponding to a plurality of bearings. Therefore, the 
inspector in charge inputs a identifier for specifying the 
hearing B subject to inspection into the determination 
unit 32 in advance. The data processor 50 thus speci- 
fies the bearing B based on the identifier input in 
advance, and reads out appropriate data from the data 
accumulator 56. 

[0064] The data processor 50 of the determination 
unit 32 determines that there is an abnormal condition if 
at least the cumulative value of the content of either iron 
or copper exceeds the reference value, and indicates a 
warning showing the condition on the display 52. There- 
fore, the inspector in charge can decide whether the 
bearing is defective or not from the determination result 
shown on the display 52 of the determination unit 32, 
and thus can find a defect of the bearing B without car- 
rying out disassembly inspection for the main motor. 
[0065] An example of the bearing inspection device 
according to the present invention has been described. 
However, it is not intended that the present invention is 
limited to the above-mentioned specific example. 
[0066] For example, according to the example shown 
above, two types of bearing inspection devices have 
been described separately. However, since the determi- 
nation units 5 and 32 included in each bearing inspec- 
tion device are both constructed with a computer 
system or other device having a similar structure, the 
data from the vibration analysis unit 3 and from the 
quantitative analysis unit 30 may be input into a com- 
mon determination unit so that a defect of a bearing can 
be detected comprehensively based on both data. In 
other cases, the comprehensive determination can be 
made by either the determination unit 5 or 32 through 
LAN connection therebetween without unifying the 
determination units 5 and 32 into a common determina- 
tion unit. Also, the comprehensive determination may 
be made by another computer system which is con- 
nected through LAN connection. 
[0067] Additionally, according to the description as 
above, each bearing inspection device determines that 
a bearing is defective if there is an abnormal condition in 
any one of th inspection items. However, since the 
determination accuracy changes depending on how the 
reference values are set and also on what the item is, 
appropriate weights may be given by changing the ref- 
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erence values at a rate of several to dozens of percent- 
age or the determination as 'defective' may be made if 
abnormal conditions in two or more items are found. 

5 INDUSTRIAL APPLICABILITY 

[0068] As aforementioned, a bearing inspection 
device for a railroad main motor according to the 
present invention can detect a defect of a bearing of a 

10 railroad main motor without disassembling the main 
motor. Therefore, the time and labor required for disas- 
sembling and assembling the main motor are reduced, 
damages given to the bearing part on disassembly or 
assembly are prevented, and as a result the reduction of 

15 work amount, a higher work speed and an enhanced 
work reliability at a railroad maintenance plant are 
attained. 

Claims 

20 

1 . A bearing inspection device used to inspect a bear- 
ing of a railroad main motor, comprising: 

a vibration detector enabled to output an elec- 
ts trie signal indicating a vibration of said bearing, 
a vibration analysis unit for converting the elec- 
tric signal output from said vibration detector 
into time-domain data to extract an effective 
value of said vibration, and 
30 a determination unit for comparing said effec- 
tive value extracted by said vibration analysis 
unit when said main motor is rotationally driven 
at a predetermined specific revolution with a 
predetermined reference value to decide 
35 whether said bearing is defective or not from 
the result of comparison. 

2. A bearing inspection device used to inspect a bear- 
ing of a railroad main motor, comprising: 

40 

a vibration detector enabled to output an elec- 
tric signal indicating a vibration of said bearing, 
a vibration analysis unit for converting the elec- 
tric signal output from said vibration detector 

45 into time<tomain data to extract a maximum 

value of said vibration, and 
a determination unit for comparing said maxi- 
mum value extracted by said vibration analysis 
unit when said main motor is rotationally driven 

so at a predetermined specific revolution with a 

predetermined reference value to decide 
whether said bearing is defective or not from 
the result of comparison. 

55 3. A bearing inspection device used to inspect a bear- 
ing of a railroad main motor, comprising: 

a vibration detector enabled to output an elec- 
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trie signal indicating a vibration of said bearing, 
a vibration analysis unit for converting the elec- 
tric signal output from said vibration detector 
into time-domain data to extract a crest factor 
which is obtained by dividing the maximum 5 
value of said vibration by the effective value of 
said vibration, and 

a determination unit for comparing said crest 
value extracted by said vibration analysis unit 
when said main motor is rotationally driven at a io 
predetermined specific revolution with a prede- 
termined reference value to decide whether 
said bearing is defective or not from the result 
of comparison. 

15 

4. A bearing inspection device used to inspect a bear- 
ing of a railroad main motor, comprising: 

a vibration detector enabled to output an elec- 
tric signal indicating a vibration of said bearing, 20 
a vibration analysis unit for converting the elec- 
tric signal output from said vibration detector to 
extract an occupancy degree which is obtained 
by dividing a level of a predetermined specific 
frequency element by total levels of all fre- 25 
quency elements, and 

a determination unit for comparing said occu- 
pancy degree extracted by said vibration analy- 
sis unit when said main motor is rotationally 
driven at a predetermined specific revolution 30 
with a predetermined reference value to decide 
whether said bearing is defective or not from 
the result of comparison. 

5. A bearing inspection device for railroad main motor 35 
as claimed in Claim 4, wherein said specific fre- 
quency element intensively appears when said 
main motor is rotationally driven at said specific rev- 
olution under the condition that there is a defect in 

an outer ring of said bearing. 40 

6. A bearing inspection device for railroad main motor 
as claimed in Claim 4, wherein said specific fre- 
quency element intensively appears when said 
main motor is rotationally driven at said specific rev- 45 
olution under the condition that there is a defect in 

an inner ring of said bearing. 



quency of said main motor. 

9. A bearing inspection device used to inspect a bear- 
ing of a railroad main motor, comprising: 

a quantitative analysis unit enabled to measure 
a content of metal in grease sampled from said 
bearing, and 

a determination unit for comparing said content 
of metal measured by said quantitative analy- 
sis unit with a predetermined reference value to 
decide whether said bearing is defective or not 
from the result of comparison. 

1 0. A bearing inspection device used to inspect a bear- 
ing of a railroad main motor, comprising: 

a quantitative analysis unit enabled to measure 
a content of metal in grease sampled from said 
bearing, 

a data memory enabled to store a content of 
metal previously measured by said quantitative 
analysis unit, and 

a determination unit for comparing the sum of 
the content of metal stored in said data mem- 
ory means and a content of metal newly meas- 
ured by said quantitative analysis unit with a 
predetermined reference value to decide 
whether said bearing is defective or not from 
the result of comparison. 

11. A bearing inspection device for a railroad main 
motor as claimed in Claim 10 comprising: 

an updating means for updating the content of 
metal stored in said data memory means with 
said sum if said determination unit determines 
that there is no defect. 



7. A bearing inspection device for railroad main motor 

as claimed in Claim 4, wherein said specific fre- so 
quency element intensively appears when said 
main motor is rotationally driven at said specific rev- 
olution under the condition that there is a defect in a 
roiling element of said bearing. 

55 

8. A bearing inspection device for railroad main motor 
as claimed in Claim 4, wherein said specific fre- 
quency element corresponds to a rotational fre- 
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